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A B S T R A C T
Analysis of masticatory function is the basis of clinical work in almost all fields of dentistry. Bite forces are the expres-
sion and measure of masticatory function. Physical training has an effect on the development of functional ability,
motoric ability of the organism and the formation of desired physical proportions. The purpose of this study was to exam-
ine the association between physical fitness and bite force values. Because of strictly defined regulations in the army with
regard to training and nutrition, Croatian Army recruits were ideal examinees for this examination. The examinees were
135 recruits. Bite forces were measured on three places (area of the central incisors, left and right in the area of the first
molars) before and after three-months of training. Of all the examinees, 108 had increased their body weight, 12 had de-
creased it and 15 had not changed their body weight. The median of measured forces in the recruits prior to training was
291 N in the right (lateral quadrant), 285.5 N in the left lateral quadrant and 205 N in the anterior area. After training
the median of measured forces in the right quadrant was 312 N, in the left 313 N and in the anterior area 216 N. Greater
bite forces after training on all measured places were statistically proved. Increased activity of masticatory muscles can
have the same effect on the values of bite forces as bite training. There are few data on the correlation between physical
muscles and values of bite forces. The results of those studies are doubtful. In this study, after three months of conditional
training, the body mass of the recruits had increased and they expressed greater values of bite forces. However, correla-
tion between body mass and bite forces cannot be proved with certainty.
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Introduction
Analysis of masticatory function is the basis of clinical
work in almost all fields of dentistry. Force is the physical
category that arises from the dynamic and static muscu-
lar stress and depends on the morphological characteris-
tics of the muscles. Contraction of the muscles induces
bioelectric and biochemical processes which generate
force, depending on the strength of the muscles. The
strength of the muscles depends on the muscle activity
such as movement, contraction which represents the
transfer of force, and on the muscular force, i.e. tension
in the tendons. Muscular force however is dependent on
the section and length of the muscles, type of muscular
contraction, frequency of impulses which activate the
muscle, biorhythm, training, gender and age. Bite forces
are the expression and measure of masticatory functi-
on1–3. Dependent variables are influenced by a series of
internal and external factors; internal factors are biologi-
cally possible forces, while external factors are the condi-
tion of the oral cavity, constitution, anthropometric varia-
bles, weight and height, etc. Several previous studies ex-
amined the relationship between bite forces and facial
types4–6. Naturally, apart from physical characteristics,
the influence of malocclusion on the expression of bite
forces is inevitable7. The type of food (nourishment) and
oral habits must also be taken into account. In an epide-
miological study Corruccini8 concluded that the rural
population had stronger bite forces than the urban popu-
lation, who consume refined food. This is corroborated
by the high values of bite forces in Eskimos and Aborig-
ines, who also consume tougher and harder food. At the
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same time the maximal values of bite forces are one of
the factors in the choice of construction material used in
prosthetics.
When measuring maximal bite forces, it is important
to emphasise that stimulation of the muscles, such as
training, and also the desire of the subject to attain force-
ful bite, can also have an influence on the increased bite
forces9–13. A limiting factor is pain, the patient’s fear of
breaking a tooth (fillings, crowns etc.), and the charac-
teristics of the measuring instrument itself14.
Following the independence of the Republic of Croatia
in 1995, national army service lasted nine months for ad-
olescents and professional soldiers. Recruits had physical
training several times a week and were tested for physi-
cal ability.
Physical training has an effect on the development of
functional ability, motoric ability of the organism (stren-
gth, speed, flexibility, agility, coordination, preciseness
and balance) and the formation of desired physical pro-
portions (reduced fatty and increased muscular tissue).
Thus, its positive influence on the values of bite forces is
anticipated.
The purpose of this study was to examine the associa-
tion between physical fitness and bite force values. Be-
cause of strictly defined regulations in the army with re-
gard to training and nutrition, Croatian Army recruits
were ideal examinees for this examination.
Subjects and Method
The examinees were 135 recruits, aged 18–27 years
from the »Kralj Zvonimir« Barracks in Zagreb. Basic
training involves three months of conditioning, three
times a week in the morning, in which the recruits en-
gage in a wide variety of physical activities, which are de-
signed to improve their level of fitness. In addition, they
are regularly tested for physical readiness. Bite forces
were measured by an electronic gnathodynamometer1 on
three places (area of the central incisors, left and right in
the area of the first molars) before and after three-
-months of training. To familiarize the examinees with
the equipment, they were asked to bite three times all
the measurement places, and these results were not re-
corded. Apart from bite forces, body height and weight
were measured at the beginning and end of conditioning.
A clinical examination of the oral cavity was performed
and data on age were recorded.
Data were analysed by descriptive statistics and Wil-
coxon’s rank test, and the computer programme SPSS
13.
Results
The one hundred and thirty-five recruits were aged
from 19 to 27 years (mean 22 yrs.). On arrival, the height
of the recruits ranged from 160 to 199 cm (mean 180 cm),
and body weight from 55 to 126 kg (mean 75 kg). After
three months of obligatory training the values of body
weight ranged from 59 to 121 kg (mean 78 kg), showing
an increase in weight of approximately 3 kg (Table 1).
Body weight increased in 108 examinees, decreased in 12
and in 15 their body weight did not change (Table 2). Sig-
nificant statistical difference was determined in body
weight before and after training (p<0.01).
During statistical analysis of bite forces, only those
examinees with antagonistic contact in the measurement
areas and with all teeth were taken into account. Thus of
the 135 examinees, 128 had teeth in the right lateral re-
gion, 126 in the left and 123 in the anterior region. The
measured forces in the recruits prior to training ranged
from 107 to 824 N (median 291 N) in the right, and from
104 to 824 N (median 285.5 N) in the left lateral quad-
rant. Forces measured in the anterior area ranged from
103 to 582 (median 205 N). After training, the measured
values of forces in the right quadrant were 101 to 872 N
(median 312 N), in the left 108 to 868 N (313 N) and in
the anterior area 116 to 600 N (median 216 N) (Figure 1,
Table 3). Expression of the values of bite forces, depend-
ing on the number of examinees, is shown in the Table 4.
Greater bite forces after training on all measured places
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TABLE 1
MEDIAN AND INTERQUARTILE RANGE OF MEASURED WEIGHT
(N=135)
X Interqartile range
Weight I 73 14
Weight II 76 12
Weight II – Weight I –3 5
TABLE 2
WILCOXON SIGNED RANK TEST OF MEASURED WEIGHT
N X Rank
Weight II – Weight I
Negative Ranks 12 49.25
Positive Ranks 108 61.75
Ties 15
Total 135
Negative Ranks Weight II < Weight I
Positive Ranks Weight II > Weight I
Ties Weight II = Weight I
TABLE 3
MEDIAN AND INTERQUARTILE RANGE OF MEASURED BITE
FORCES
Median Interqartile Range
Right I 291 218
Left I 285.5 183
Front I 205 112
Right II 312 226
Left II 313 195
Front II 216 108
were statistically proved (Table 5). Figure 2 shows the in-
crease in the measured variables, body weight and values
of bite forces in percentages.
Discussion
In this study an attempt was made to demonstrate
the influence of physical training on the strength of
masticatory muscles by measuring bite forces. Exami-
nees were recruits from the Croatian Army, who under-
went intensive training of physical readiness over a pe-
riod of three months. Measurement of bite forces before
and after training showed statistically significantly in-
creased bite forces on all three measured places (p>0.01
for force measured on the posterior teeth and p>0.05 on
the anterior teeth). The increased values of forces amo-
unted to 5.4% in the anterior quadrant, 9.6% in the left
and 7.2% in the right lateral quadrant.
Investigation of bite forces has intrigued scientists for
many years. The literature points out that males seem to
show higher maximal biting forces than females1,15,16. As
in this study only male subjects were examined, the in-
fluence of gender cannot be discussed, although it has
been demonstrated that gender does influence maximal
biting force. The best method to eliminate the variable of
gender would be to limit the study to only one gender
which we have done. Ivani{ et al.15 found correlation be-
tween measured anthropometric dimensions and bite
forces in males, aged between 18 and 24 years, in which
the influence of weight was significant and positive,
while the influence of height was not found. Shian and
Wang17 also achieved a similar result in a sample of 2034
high school and students. They consider that bite force
depends more on gender than on the muscular strength
of the body. At the same time, they established that indi-
viduals with stronger musculature show greater values
of bite forces. Braun et al.18 determined statistically sig-
nificant and positive correlation with gender in a sample
of 142 students (aged 26–40 years), while the coefficient
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Fig. 1. Graphic presentation of median bite forces (N) before and
after training.
Fig. 2. Increase in the values of weight and measured bite forces
expressed in percentages.
TABLE 4
WILCOXON SIGNED RANK TEST OF MEASURED BITE FORCES
N X Rank
























Negative Ranks Bite Forces II < Bite Forces I
Positive Ranks Bite Forces II > Bite Forces I
Ties Bite Forces II = Bite Forces I
TABLE 5
STATISTICAL SIGNIFICANCE OF MEASURED BITE FORCES
Right II – Right I Left II – Left I Front II – Front I
Asymp. Sig. (2-tailed) .002 .005 .023
Wilcoxon Signed Ranks Test
correlation for age, weight and physical type was small,
although greatest for weight (r=0.401).
Increased activity of masticatory muscles can have
the same effect on the values of bite forces as bite
training7,9–13. Brekhus et al.9,10 showed an increase in
bite forces in males after fifty days of chewing small
cubes of paraffin wax for one hour daily, but also a drop
in the same values two weeks after training was stopped.
The values of bite forces after training were up to 20%
greater compared to the initial values. This indicates the
incomplete use of the conditions of the bite mechanism
in civilised individuals. Kiliaridis et al.11 consider that
chewing hard chewing gum one hour daily for a period of
4 weeks has an influence on the functional capacity of
masticatory muscles and increases their strength. Indi-
viduals who chew with one side also show greater values
of force in that area1. However, there are studies in which
increase in the values of forces after training was not re-
corded. On the contrary, in a study by Brekhaus9 forces
were weaker after training than in a control group who
had not carried out training. Thompson et al. believe
that training of chewing is similar to running, which
does not increase strength, at least not significantly, but
rather increases endurance, and thus the authors con-
sider that the training of chewing does not have a signifi-
cant influence on the expression of maximal bite forces7.
Apart from strength of the muscles, receptors in the
periodontal membrane have a major role in differentiat-
ing the intensity of forces, and sensitivity to pain. The
consequences of training the masticatory musculature in
acrobats, who can hang loads from their teeth or pull
them with the teeth, are well known. In such individuals
the strength of the relevant teeth on the apparatus is pri-
marily a measure of the resilience of the periodontal
membrane, and not the strength of the masticatory mus-
cles. In individuals who chew with great force hypertro-
phy of the periodontal tissue occurs and hence such indi-
viduals show great values of force. The psychological
factor in the demonstration of greater forces should also
not be overlooked. Parafunctional movements are associ-
ated with contraction of the muscles and teeth grinding.
It has been demonstrated that bruxism increases the ac-
tivity and volume of the masticatory muscles, although
its influence on bite forces is controversial19.
Nishigava et al.20 demonstrated that forces expressed
by bruxism during sleep are identical to the maximal val-
ues expressed during the day. Lamey et al.21 showed that
individuals with migraine have a greater volume of ma-
sticatory muscles and express 70% greater values of bite
forces than people without the aforementioned symptoms.
There are few data on the correlation between physi-
cal muscles and values of bite forces. Jenkins considers
that athletically built individuals, in spite of the general
superiority of their muscles and neuromuscular control,
do not express greater bite forces22. Linderholm & Wen-
nström23 did not find correlation between bite forces and
general muscular strength or physical constitution in
young men. Misch considers that tall, athletically built
individuals express greater values of bite forces16.
On the other hand, in this study changes in the physi-
cal weight of recruits after conditional training were
taken as a variable. It was anticipated that muscular
mass and consequently body weight increases after train-
ing. The average increase in body weight of 3 kg after
training in 108 of the 135 recruits was statistically signif-
icant (p<0.01). All the recruits were included in the sta-
tistical analysis of the changed bite forces, regardless of
the increase in body weight, as they had all completed
the same training.
Military personnel must meet the body composition
and physical fitness standard24. Conditional training and
the quality of nutrition contribute to this. The good gen-
eral and oral health of military personnel has a positive
influence on the performance of conditional training and
combat readiness. Musculoskeletal injuries are the lead-
ing cause of lost productivity in the armed forces. A low
level of physical fitness is associated with risk for cardio-
vascular morbidity, even in younger individuals25. Grea-
ter values of bite forces in healthy individuals have been
determined in relation to individuals of poor health14.
Brajdi} et al.26 also found poor dental status in recruits
and active army personnel, in spite of the fact that dental
care was provided. Thus, during evaluation of the values
of bite forces the condition and number of teeth should
not be overlooked. According to [kec, combat readiness
in the Croatian Army is low because of the need for fre-
quent dental interventions27.
Conclusion
In conclusion it can be said that after three months of
conditional training the body mass of the recruits had in-
creased and they expressed greater values of bite forces.
However, correlation between body mass and bite forces
cannot with certainty be proved, although training had
an indirect influence on increased strength of the masti-
catory muscles, individual endurance, and consequent
ability to express greater values of bite forces.
Acknowledgements
This study is a part of scientific project »Investigation
of Therapeutic Effect of Prosthetics Reconstructive Ma-
terials«, No. 065-0650448-0439, supported by Ministry of
Science, Education and Sports, Republic of Croatia.
R E F E R E N C E S
1. @IVKO-BABI] J, PANDURI] J, JEROLIMOV V, MIO^ M, PI@E-
TA I, JAKOVAC M, Coll Antropol, 26 (2002) 293. — 2. SYINOGAYA T,
SODEYAMA A, MATSUMITO M, Euro J Prosthodont & Rest Dent, 7
(1999) 65. — 3. WATANABE M, HATTORI Y, SATOH CH, Elsevier Sci-
M. Jakovac et al.: Bite Forces of Recruits, Coll. Antropol. 36 (2012) 1: 93–97
96
ence BV, (1995), 399. — 4. RINGQVIST M, Acta Odont Scand, 31 (1973),
35. — 5. INTERVALL B., HELKIMO E, Arch Oral Biol, 23 (1978), 203. —
6. PROFFIT WR, FIELDS HW, NIXON WL, J Dent Res, 62 (1983) 566. —
7. THOMPSON DJ, THROCKMORTON GS, BUSCHANG PH, J Oral
Rehabilit, 28 (2001) 909. — 8. CORRUCCINI RS, Am J Orthodont, 86
(1984) 419. — 9. BREKHAUS PJ, ARMSTRONG WD, SIMON WJ, J. Dent
Res, 20 (1941) 87. — 10. BREKHAUS PJ, ARMSTRONG WD, SIMON
WJ, J Dent Res, 20 (1945) 8. — 11. KILIARDS S, TZAKIS MG, CARL-
SSON GE, Am J Orthodontics and Dentofacial Orthopedics, 107 (1995)
372. — 12. INGERVALL B, BITSAINIS E, Eur J Orthod, 9 (1987) 15. —
13. TZAKIS MG, KILIARIDIS S, CARLSSON GE, J Oral Rehabilit, 33
(1994) 21. — 14. MIURA H, WATANABE S, ISOGAI E, MIURA K, J Oral
Rehabilit, 28 (2001) 592. — 15. IVANI[ T, @IVKO-BABI] J, KOMAR D,
]ATOVI] A, Coll Antropol, 20 (1996) 377. — 16. MISH CE, BIDEZ WM,
A Scientific Rationale for Dental Implant Design. In: MISH CE, Dental
Implant Prosthetics. (Mosby, St Louis, 2005). — 17. SHIAN Y, WANG JS,
J Craniomandibul Practice, 11 (1993) 48. — 18. BRAUN S, BANTLEON
HP, HNAT WP, FREUDENTHALER JW, MARCOTTE MR, JOHNSON
BE, Angl Orthodont, 65 (1995) 367. — 19. COSME DC, BALDISSERO-
TTI SM, Int J Prosthodont, 18 (2005) 328. — 20. NISHIGAWA K, BAN-
DO E, NAKANO M, J Oral Rehabilit, 28 (2001) 485. — 21. LAMEY PJ,
BURNETT CA, FARTASH L, CLIFFORT TJ, MCGOVERN JM, Headache,
41 (2001) 49. — 22. JENKINS GN, Physiology of the Mouth (Bleckwell,
III ed., Oxford, 1966). — 23. LINDERHOLM H, WENNSTRÖM A, Acta
Odont Scand, 28 (1970) 679. — 24. YOUNG CR, STEPHENS MB, Mil
Med 174 (2009) 158. — 25. TALBOT L, WEINSTEIN AA, FLEG JL, Mil
Med, 174 (2009) 245. — 26. BRAJDI] D, [KEC V, MACAN JS, PRGO-
MET J, MACAN D. Acta Med Croatica, 60 (2006) 341. — 27. [KEC V,
MACAN J[, SUSAC M, JOKI] D, BRAJDI] D, MACAN D, Mil Med, 171
(2006) 1006.
M. Jakovac et al.: Bite Forces of Recruits, Coll. Antropol. 36 (2012) 1: 93–97
97
M. Jakovac
University of Zagreb, School of Dental Medicine, Department of Prosthodontics, Gunduli}eva 5, 10000 Zagreb, Croatia
e-mail: jakovac@sfzg.hr
POVEZANOST TRENINGA MLADIH RO^NIKA I VRIJEDNOSTI @VA^NIH SILA
S A @ E T A K
Analiza `va~ne funkcije temelj je klini~kog rada skoro u svim podru~jima stomatologije. @va~ne sile su izraz i mjerilo
`va~ne funkcije Tjelovje`ba djeluje na razvoj funkcijske sposobnosti, motori~kih sposobnosti organizma i formiranje
po`eljnih tjelesnih proporcija. Svrha ove studije je bila ispitati utjecaj fizi~ke aktivnosti na promjenu `va~nih sila. Zbog
strogo definiranog re`ima prehrane i vje`banja za ispitivanje su izabrani ro~nici hrvatske vojske. Ispitivanje je bilo na
135 ro~nika. Mjerene su `va~ne sile u podru~ju inciziva, lijevih i desnih molara, visina i te`ina. Prvo mjerenje bilo je na
po~etku obuke, a drugo nakon 3 mjeseca. Od svih ispitanika 108 je dobilo na tjelesnoj te`ini, 12 ih je smr{avilo, a 15 nije
promjenilo tjelesnu te`inu. Median izmjerenih `va~nih sila prije treninga bio je 291N desno, 285.5N lijevo i 205N u
fronti. Nakon treninga median `va~nih sila bio je 312N desno, 313N lijevo i 216N u fronti. Statisti~ki su dokazane ve}e
`va~ne sile nakon obuke na svim mjerenim mjestima. Poja~ana aktivnost `va~nih mi{i}a mo`e imati jednaki utjecaj na
vrijednosti `va~nih sila kao i `va~ne vje`be. O povezanosti tjelesnih mi{i}a i vrijednosti `va~nih sila malo je literaturnih
podataka. Rezultati tih studija su dvojbeni. U ovom radu nije se moglo sa sigurno{}u povezati promjene tjelesne mase i
`va~nih sila, ali je dokazano pove~anje tjelesne te`ine i `va~nih sila nakon obuke.
